Thirteen allozyme loci and 68 random amplified polymorphic DNA (RAPD) markers were analyzed to assess the genetic diversity and population structure of threatened Antirrhinum microphyllum (Scrophulariaceae), a narrow endemic of central Spain known from only four populations. According to allozyme data, species genetic diversity (p ϭ 46.15%, A ϭ 2.61, and H e ϭ 0.218), as well as within-population genetic diversity (p ϭ 44.23%, A ϭ 2.10, and H e ϭ 0.204), were high when compared to average estimates for other narrowly distributed plant species. Ninety-four percent of species genetic diversity corresponded to within-population genetic diversity. Nevertheless, significant differences were found among populations in allele frequencies of four of the six polymorphic loci, and three private alleles were detected. Inbreeding coefficients (F IS ) suggest that populations are structured in genetic neighborhoods. The RAPDs also showed high levels of genetic diversity (p ϭ 89.71% and H e ϭ 0.188 at the species level, and p ϭ 67.65% and H e ϭ 0.171 at the population level). Nei's genetic distances estimated both from allozymes and RAPDs indicated low differentiation among populations. In spite of this, the low frequencies of certain alleles and the presence of private alleles indicate that efforts should be made to conserve all four remaining populations.
The preservation of genetic diversity in endangered species is a main goal in conservation planning, since long-term species survival depends on the maintenance of sufficient genetic variability within and among populations to accommodate new selection pressures brought about by environmental change (Barrett and Kohn, 1991) . Although some authors have questioned the importance of genetic studies with regard to demographic approaches (Lande, 1988; Schemske et al., 1994) , many others think that assessing genetic diversity and understanding how diversity is structured is not only a prerequisite in designing suitable conservation strategies (Falk and Holsinger, 1991; Avise, 1995) , but, furthermore, this knowledge helps to resolve taxonomic (Van Buren et al., 1994; Cole and Kuchenreuther, 2001) , phylogenetic (Smith and Pham, 1996) , demographic, and ecological (Bachmann, 1994; Cruzan, 1998) questions of great relevance for conservation.
Frequently, managers responsible for the conservation and recovery of threatened plant species need to make choices in matters such as the area that needs to be protected, the populations that should be preserved, the minimum number of individuals required to avoid inbreeding problems and to sustain quantitative genetic variation, or the way germplasm should be collected from a population in order to capture most of the genetic diversity for ex situ conservation. In published literature it is possible to find recommendations and guidelines based on theoretical aspects and on generalizations extracted from studies that link species genetic diversity and its partitioning within and among populations to factors such as geographic range or breeding system. Thus, according to surveys of genetic variation in plants made by Hamrick and Godt 1 Manuscript received 16 April 2002; revision accepted 12 July 2002. The authors thank Dra. I. Aguinagalde for her supervision with the allozyme analysis and Mrs. Lori De Hond for her linguistic assistance. This work was supported by the Spanish Government CICYT project no. AMB-1021-C02-01. 2 Author for reprint requests (e-mail: iriondo@ccupm.upm.es).
(1990) and Gitzendanner and Soltis (2000) , narrow endemics tend to have lower genetic diversity than widespread species and outcrossing species have higher levels of variability within populations but lower differentiation among populations than selfing species. However, several examples of highly polymorphic endemic species have been found (e.g., Gottlieb, Warwick, and Ford, 1985; Linhart and Premoli, 1993; Ranker, 1994; Lewis and Crawford, 1995; Young and Brown, 1996) , as well as cases of outcrossing plants with great variation among populations (Chalmers et al., 1992) . Thus, it is clear that the genetic diversity and structure of a species cannot always be predicted on the basis of distribution size and life history and that, therefore, they must be independently studied for each species. Allozyme markers have been extensively used to describe the genetic structure of plant populations. They require little plant material, alleles exhibit simple Mendelian inheritance and codominant expression in most cases, and comparisons of homologous loci across populations are straightforward. Nevertheless, allozymes have well-known limitations, the most serious being the limited number of alleles and loci available for study and the bias in the portion of the genome sampled (only genes encoding soluble enzymes are surveyed) (Fritsch and Rieseberg, 1996) . Therefore, they may underestimate genetic diversity (e.g., Sun et al., 1999) and lead to inappropiate conservation recommendations (Les, Reinartz, and Esselman, 1991) . An additional limitation is the existence of occasional differences between tissues or ontogenetic stages (Lee, Ledig, and Johnson, 2002) . In the last decade, random amplified polymorphic DNA (RAPD) markers (Williams et al., 1990) have been increasingly employed for population studies, especially in endangered plants (e.g., Martín, González-Benito, and Iriondo, 1997; Hogbin, Ayre, and Whelan, 1998; Fischer et al., 2000) . Random amplified polymorphic DNA analysis has the advantage of assaying a greater number of potential polymorphic loci and a more random sample of genome than allo- zymes (Fritsch and Rieseberg, 1996) . In addition, when compared to other DNA-based markers, the procedure is cheaper and technically simpler and it does not require any prior knowledge of the target genome. However, most RAPD loci show dominant expression and are assumed to possess only two alleles per locus, which may bias some population genetic parameters if selection is occurring or if the population is not randomly mating (Lynch and Milligan, 1994; Isabel, Beaulieu, and Bousquet, 1995; Szmidt, Wang, and Lu, 1996) . Another disadvantage is the lower reproducibility of RAPDs between laboratories as compared to other molecular markers. As the abovementioned techniques have different properties, studies that simultaneously analyze allozyme and RAPD markers are very valuable because they provide a larger picture of existing genetic diversity and may avoid misleading results and conclusions for conservation derived from the use of a single type of marker.
In this paper we studied the genetic variation of a threatened species, Antirrhinum microphyllum, through allozyme electrophoresis and RAPD analysis and addressed the following questions: (1) How much genetic variability exists in this species? (2) Are all populations equally diverse? (3) What proportion of the species genetic variation is represented within populations? (4) Is there gene flow among populations? (5) Do allozyme and RAPD analysis provide similar results? This work is part of a wider project in which the status of the species was also assesed through ecological and demographic approaches. The results and conclusions deriving from the different approaches are being integrated and used for the design of a recovery plan for the species.
MATERIALS AND METHODS
Species-Antirrhinum microphyllum Rothm. (Scrophulariaceae) is an herbaceous perennial listed as ''vulnerable'' (Gómez-Campo, 1987; VVAA, 2000) according to IUCN (International Union for Conservation of Nature) categories, and protected by the regional legislation of Junta de Castilla-La Mancha (Anonymous, 1998) due to its narrow distribution, an area of approximately 30 km 2 . Plants grow in rocky outcrops and dolomitic cliffs located in the banks of the Tajo and Guadiela rivers in the north half of Sierra de Altomira (Central Spain). This taxon belongs to Antirrhinum section Sempervirentia, a small group of rupicolous species that grow on limestone substrates and have discontinuous and restricted distributions (Fernández-Casas, 1997 ) that may have originated in the climatic and topographic changes that occurred during the Pleistocene (Davis, 1951) . At present, four populations are known (Fig. 1) . The most distant populations (15 km) are ''Entrepeñas'' and ''Bolarque'' found along the Tajo river. The ''Anguix'' population is between them, whereas the ''Buendía'' population is located 3.5 km east of Anguix on the banks of the Guadiela river and separated by the Enmedio mountain. Population sizes range between 400 for Anguix and 2000 for Buendía. Entrepeñas and Bolarque may have experienced a recent reduction in population size due to the building of two dams at these two sites in the 1960s. Antirrhinum microphyllum is a self-incompatible species (Torres, Iriondo, and Pérez, 2002) , and flowers are pollinated mainly by a solitary bee, Rhodanthidium sticticum (Megachilidae) (Torres et al., 2001 ). The fruit is a poricide capsule, with 200 small (0.5-0.8 mm) seeds in each capsule. Its chromosome number is 2n ϭ 16 (Boscaiu et al., 1997; Torres, 1999) .
Collection of samples-In 1998, samples of leaf tissue of A. microphyllum were collected from Anguix, Bolarque, Buendía, and Entrepeñas populations for allozyme analysis. Forty-six individuals were randomly sampled within each population. Since populations have an essentially linear spatial distribution of individuals along the banks of the river, a transect that crossed each population parallel to the river was established. In each population 46 random numbers were obtained with the aid of a calculator. They were forced to be within the distance range between both ends of the population along the transect. The individuals located the nearest to the 46 points along the transect were selected as samples. Plant material was placed in microcentrifuge tubes and stored on ice until reaching the laboratory. Thereafter it was stored at Ϫ80ЊC until being homogenized. To allow for the comparison of results obtained from allozymes with those obtained from RAPD markers, young leaves of A. microphyllum were collected from the same 184 plants.
Allozyme electrophoresis-Homogenates were prepared by grinding one or two adult leaves in buffer containing Tris-HCl buffer (0.1 mol/L, pH 8.0), sucrose (200 mmol/L), PVP-40 (1% m/v), and 2-mercaptoethanol (1% v/v). Electrophoresis was carried out in 10% starch gels following standard electrophoretic procedures (Acquaah, 1992) . Three electrode/gel buffer systems were used to resolve 11 enzyme systems: 0.223 mol/L Tris and 0.069 mol/L citric acid, pH 7.2/0.008 mol/L Tris and 0.002 mol/L citric acid, pH 7.2 was used for resolving isocitrate dehydrogenase (IDH), phosphoglucoisomerase (PGI), and phosphogluconate dehydrogenase (6-PGD); 0.3 mol/L boric acid, pH 8.6/0.015 mol/L Tris and 0.004 mol/L citric acid, pH 7.8 for alcohol dehydrogenase (ADH), aspartate amino transferase (AAT), catalase (CAT), leucine aminopeptidase (LAP), peroxidase (PRX), and superoxide dismutase (SOD); and 0.065 mol/L L-histidine and 0.015 mol/L citric acid, pH 5.7/0.009 mol/L L-histidine and 0.002 mol/L citric acid, pH 5.7 for dihydrolipoamide dehydrogenase (DDH) and phosphoglucomutase (PGM). Enzyme activity staining was carried out following Wendel and Weeden (1989) for ADH, Murphy et al. (1996) for DDH, and Soltis et al. (1983) for all other enzyme systems. Genetic interpretation of band patterns followed standard principles . Putative loci and alleles were numbered or labeled sequentially from the cathode.
Genetic analysis of allozyme data-Allele frequencies were calculated for the species and for each of the four populations. Chi-square ( 2 ) tests were carried out to test for homogeneity in allele frequencies among populations (Workman and Niswander, 1970) . Measures of genetic diversity were also calculated for the species and for each population. These statistics included the percentage of polymorphic loci (P p ) (we considered that a locus was polymorphic when the most common allele ocurred at a frequency Յ0.95 [Nei, 1987] ), the mean number of alleles per locus (A), the mean number of alleles per polymorphic locus (A p ), the observed heterozygosity (H o ), and the expected heterozygosity assuming Hardy-Weinberg equilibrium (H e ). Departure from Hardy-Weinberg equilibrium for each population/polymorphic locus combination was examined in two ways. First, chi-square goodness-of-fit tests were perfomed to compare observed and expected genotypic frequencies. When some of the expected frequencies were below 0.05, we pooled genotypes in three classes: homozygotes for the most common allele, heterozygotes for the most common allele and one of the other alleles, and all other genotypes. Secondly, Wright's fixation index (F IS ) was calculated for each polymorphic locus according to Nei and Chesser (1983) . We tested for significant deficit or excess from expected levels of heterozygosity at each locus using a chi-square test, 2 ϭ N(r Ϫ 1)F IS 2 with r(r Ϫ 1)/2 degrees freedom, where N is sample size and r is the number of alleles at the locus (Li and Horvitz, 1953) . The F IS values were averaged across polymorphic loci to obtain an overall estimate of the degree of inbreeding within populations. These values were tested to estimate if they were significantly different from zero using a two-tailed Student t test (Sokal and Rohlf, 1995) based on jackknife-generated standard deviation values.
In order to assess the distribution of genetic variation within and among populations, the coefficient of genetic differentiation (G ST ) (Nei, 1973) was calculated for each polymorphic locus. According to Chakraborty and Leimar (1987) , for G ST values greater than 0.01, this measure of differentiation is more appropiate than Weir and Cockerham's F ST estimate (1984) . The statistical significance of each G ST was calculated using a chi-square test, 2 ϭ 2NG ST (r Ϫ 1) with (r Ϫ 1)(s Ϫ 1) degrees freedom, where N is the total sample size, r is the number of alleles at the locus, and s is the number of populations (Workman and Niswander, 1970) . The G ST values were averaged across loci to obtain an overall estimate of population divergence. Mean values of G ST were tested by a Student t test (Sokal and Rohlf, 1995) based on jackknife-generated standard deviation values.
Genetic distances between pairs of populations (D) were calculated according to Nei (1972) . To examine the genetic relationship among populations, a cluster diagram was generated from distance values using the unweighted pair-group method of arithmetic averages (UPGMA) of NTSYS-pc version 2.02c (Rohlf, 1997) .
DNA isolation and PCR amplification-DNA was extracted using the procedure reported by Torres, Weeden, and Martin (1993) . Control samples containing all reaction material except DNA were used, in order to check that no selfamplification or DNA contamination occurred. We first tested 50 primers from the University of British Columbia Biotechnology Laboratory (UBC) and 20 from Operon Technologies (Alameda, California, USA) series O (Op-O) on three individuals per population. Twelve primers that showed relatively clear RAPDs were included for further experiments. Repeatability was checked for each primer on 50 samples chosen at random. Furthermore, samples that had rare bands (Ͻ0.3) or did not have very frequent bands (Ͼ0.95) were also repeated. Fragments generated by amplification were separated according to size on 1.5% agarose gel run in Tris-borate EDTA buffer (1ϫ), stained with ethidium bromide (0.5 g/mL), and visualized with ultraviolet light. A ''100-bp ladder'' of DNA fragments (Pharmacia, Peapack, New Jersey, USA) was included in the gels as a size reference.
Genetic analysis of RAPD data-The percentage of polymorphic loci and expected heterozygosity among individuals at each locus/population were calculated. To estimate the frequency of recessive alleles we assumed that (1) null bands are homologous in all individuals and (2) that populations are in Hardy-Weinberg equilibrium. The RAPD data were analyzed using POP-GENE version 1.31 (Yeh et al., 1997) . To avoid biased parameter estimates in the studied loci (Lynch and Milligan, 1994) , bands with a frequency of Ͻ3/N (where N is the sample size, 184 plants) were removed from analyses. Nevertheless, this pruning of loci tends to reject loci that are highly homozygous and may affect average within-and between-population gene diversities (Lynch and Milligan, 1994) . The RAPD frequencies were also calculated using the estimates of departure from Hardy-Weinberg equilibrium (F IS mean values) obtained from the allozyme analysis and applying the algorithm given by Chong, Yang, and Yeh (1994) . Total gene diversity (H T ) and coefficient of gene differentiation (G ST ) were computed at the species level following the same procedure as with allozymes.
Genetic distances between pairs of populations (D) were calculated ac- Nei (1972) . In a similar way to the allozyme analysis, a UPGMA cluster analysis of distance values was generated.
RESULTS
Allozyme analysis-Thirteen loci (Aat-2, Aat-3, Adh, Cat, Ddh, Pgi-1, Pgi-2, Idh, Lap-2, Per, Pgd, Pgm, and Sod) coding for the 11 enzymes were resolved. Seven loci were found to be monomorphic, while six loci showed considerable polymorphism (Aat-2, Aat-3, Adh, Ddh, Pgi-2, and Lap) in at least one of the populations. Allele frequencies for each population and for the species are shown in Table 1 . Most alleles were shared among populations, but very highly significant differences in allele frequencies (P Ͻ 0.001) were detected for all polymorphic loci except for Ddh and Pgi-2. Moreover, three private alleles (sensu Slatkin, 1985) were present (Table 1) .
Genetic diversity estimates for each population and for the species are presented in Table 2 . For every population, mean observed heterozygosity was lower than expected. Genotype frequencies differed significantly (P Ͻ 0.05) from HardyWeinberg expectations at six of the 23 loci tested (26%). These deviations were found at Adh locus in Anguix, Bolarque, and Buendía and at Lap-2 in Anguix, Buendía, and Entrepeñas. Five of the 23 fixation indices (22%) were significantly different from zero (Table 3) . In all five cases the values were positive, indicating an excess of homozygotes. All mean values of the fixation indices across loci for each population were positive and significantly different from zero except for Bolarque. The highest mean F IS value was obtained in Buendía.
Only 6% of the total genetic variation of A. microphyllum can be attributed to variation among populations (G ST ϭ 0.056) ( Table 4 ). This result is in accordance with the low interpopulational genetic distances. Average genetic distance between populations was 0.025 Ϯ 0.015 (mean Ϯ 1 SD) and ranged from 0.013 (Anguix to Buendía) to 0.054 (Bolarque to Entrepeñas). The relationships among populations derived from the UPGMA phenogram are shown in Fig. 2a .
The RAPD analysis-From a total of 68 bands that were analyzed, 61 (89.71%) were polymorphic at the species level. The percentages of polymorphic loci (P p ) for a single population ranged from 72.06% (Entrepeñas) to 64.71% (Anguix and Buendía) with an average of 67.65 Ϯ 3.6%. The population with the highest gene diversity value was Entrepeñas (H e ϭ 0.185 Ϯ 0.177), followed by Anguix (0.176 Ϯ 0.183), Bolarque (0.172 Ϯ 0.168), and Buendía (0.149 Ϯ 0.171). Assuming Hardy-Weinberg equilibrium, the average gene diversity within populations (H S ) was 0.171 Ϯ 0.022, whereas the adjusted estimate, which took into account the mean fixation index obtained from allozymes in each population, was slightly lower (H S ϭ 0.168 Ϯ 0.021). As in the allozyme analysis, a low percentage of total diversity (H T ϭ 0.188 Ϯ 0.027) corresponded to diversity among populations (G ST ϭ 0.076). Only two population specific bands were found, one with 
DISCUSSION
Genetic diversity-Species genetic diversity can be interpreted under two criteria. One is the allelic richness, which is measured as the total number of different alleles at each locus in a population or species. A second factor that also accounts for diversity is the evenness of allele frequencies in each locus, and this is measured along with allelic richness by the coefficient of gene diversity (Nei, 1973) . Under the two criteria A. microphyllum has higher levels of diversity than other plant species with similar life history characteristics (Hamrick and Godt, 1990) , namely, short-lived, herbaceous perennials (A ϭ 1.70, H e ϭ 0.116, N ϭ 152); endemics (A ϭ 1.80, H e ϭ 0.096, N ϭ 81) and species with an animal-pollinated, outcrossing system (A ϭ 1.99, H e ϭ 0.167, N ϭ 172). Mateu-Andrés (1999) also found high levels of diversity in A. microphyllum through allozyme analysis (range of population values A ϭ 2.17-2.83, H e ϭ 0.335-0.470). However, she used different enzyme systems and included individuals from Durón, a small locality 15 km north of Entrepeñas, which is nowadays considered to belong to Antirrhinum pulverulentum (J. Güemes, Jardín Botánico de Valencia, personal communication).
Diversity estimated from RAPD data is difficult to compare with that from other species since authors differ in the way they use monomorphic and polymorphic loci in their calculations and in the criteria used to select polymorphic loci to avoid biased results (Nybom and Bartish, 2000) . Nevertheless, taking into account that every studied plant had a different RAPD phenotype and the high percentage of polymorphic bands (88.41%) available as a measure of variability, results show that A. microphyllum has a high level of diversity.
Factors contributing to the maintenance of this variation may be the persistence of multiple generations within populations and population sizes that are not critically small. According to Holsinger and Gottlieb (1991) , rare species such as A. microphyllum or Tradescantia hirsuticaulis (Godt and Hamrick, 1993 ) that have restricted distributions but are locally common may resemble more widespread congeners in their ecological and genetic characteristics than other narrow endemics with depauperate populations. In addition, selective biotic and abiotic factors unique to different rock outcrops may lead to the maintenance of variation within the species through microdifferentiation processes (Snaydon and Davies, 1976; Dyer and Rice, 1997) .
Genetic diversity within populations-At the population level, we expected the Entrepeñas and Bolarque populations to be genetically depauperate, compared to the rest of the populations because the size of their populations was probably seriously affected by the construction of the dams in the 1960s. Diversity estimates obtained with allozymes indicate that these populations have lower allelic richness but similar average heterozygosity (Table 2 ). This result agrees with theoretical models that indicate that these parameters are differently affected by population bottlenecks. Although both allelic diversity and average heterozygosity decrease with a reduction in population size, the loss of allelic diversity is greater than the loss of heterozygosity when compared to the original parental population (Nei, Maruyama, and Chakraborty, 1975; Allendorf, 1986) . According to RAPD data, diversity was also similar among populations as measured by the proportion of polymorphic loci and expected heterozygosity.
The levels of heterozygosity observed in all populations were lower than expected from Hardy-Weinberg equilibrium values. Two possible explanations can explain these results. First, significant amounts of selfing could be occurring within A. microphyllum populations. However, experimental crossings have shown that A. microphyllum is strictly self-incompatible (Torres, Iriondo, and Pérez, 2002) . Second, genetic diversity may be structured in neighborhoods, and mating may mainly take place among genetically related and geographically close individuals. Field observations of Rhodanthidium sticticum, the main pollinator of this species, have shown that males have a territorial behavior and that females fly to the nearest plant while they collect pollen and nectar (Torres, 1999) . The effects of nearest-neighbor pollination on genetic structure were simulated by Turner, Stephens, and Anderson (1982) . They concluded that it increases inbreeding, homozygosity, and patchiness in the spatial distribution of genotypes. Thus, pollinator behavior coupled with the lack of specialized seed dispersal mechanisms could be favoring the establishment of neighborhoods of related individuals. Ongoing spatially explicit studies of the genetic structure of these populations along with spatial analysis techniques (Legendre and Legendre, 1998) will provide more detailed information on this matter.
Intra-and interpopulational variation-Although most alleles were shared among populations, significant differences were detected primarily in allele frequency for four polymor-[Vol. 90 AMERICAN JOURNAL OF BOTANY phic loci. Nevertheless this accounted for only 6% of total variation (mean G ST ϭ 0.056). Similar levels of population differentiation were estimated by RAPD analysis (mean G ST ϭ 0.076), which indicates most genetic variation occurs within populations. This result was expected taking into account that the breeding system is the main ecological factor that conditions genetic structure (Hamrick, 1982; Loveless and Hamrick, 1984) and that A. microphyllum is a self-incompatible species. Predominantly outcrossing species have higher levels of variability within populations but a lower degree of differentiation among populations than selfing species (Hamrick and Godt, 1990; Schoen and Brown, 1991) . However, these values are fairly low when compared with those of other animal-pollinated outcrossers. In their allozyme compilation Hamrick and Godt (1990) reported an average G ST of 0.197 for outbreeding species (N ϭ 124) . Similarly, Nybom and Bartish (2000) reported an average RAPD-based G ST value of 23% (N ϭ 24). One possible explanation for this low degree of differentiation between populations may be that the populations have diverged only recently, and there simply has not been sufficient time to differentiate through drift.
Different population clusterings were obtained based on Nei's genetic distance generated from allozyme and RAPD data (Fig. 2) . The RAPD markers revealed more geographically concordant groupings than allozyme markers, because Bolarque and Buendía, which are adjacent populations, were grouped together by the former but not by the latter. The matrix of genetic distances showed that the two most geographically distant populations (Entrepeñas and Bolarque, 15 km), also had the longest genetic distances. This result suggests that these populations may be partially isolated by distance. Gene flow via pollen between Entrepeñas and Bolarque seems improbable since the geographic distance is too great when compared to the flight distances of R. sticticum.
Allozyme and RAPDs data-Several authors have stressed the importance of using more than one class of molecular markers to estimate genetic diversity of endangered species (Chase, Kesseli, and Bawa, 1996; Fritsch and Rieseberg, 1996; Esselman et al., 1999) . However, few studies have directly compared genetic diversity estimates based on allozyme and other DNA markers, such as RAPDs (e.g., Peakall, Smouse, and Huff, 1995; Ayres and Loveless, 1997; Aagaard, Krutovski, and Strauss, 1998; Ayres and Ryan, 1999) . The advantages of studying both allozymes and RAPDs are evident because they analyze geographically and functionally different genome regions. In the case of allozymes, the detection of genetic variation is limited to protein coding loci while RAPDs are presumed to result from amplification from noncoding regions of DNA (Williams et al., 1990) . Furthermore, the regions of DNA sampled by the RAPD technique are expected to be less responsive to selection and to have a higher tolerance to mutation than DNA coding for enzymes. Thus, it has been suggested that allozymes and DNA markers may experience different evolutionary dynamics and reveal different patterns of genetic variation (Ayres and Loveless, 1997) .
Overall, the allozyme and RAPD techniques gave similar results in this study. Both of them detected a relatively large amount of genetic variation, and the partition of genetic diversity within and among populations was comparable between the two data sets. Low estimates of G ST based on RAPDs confirmed the existence of little genetic differentiation among populations, as revealed by allozyme data. Nei's genetic distance estimate based on RAPDs (D ϭ 0.028) also corroborates the allozyme estimate (D ϭ 0.025). Most of the studies that have compared allozymes and RAPD report the same pattern of population genetic structure for the two sets of data, and greater diversity estimates from RAPDs than from allozymes in terms of percentage of polymorphic loci and gene diversity (e.g., Liu and Furnier, 1993; Lannér-Herrera et al., 1996; Diaz et al., 1999; Wong and Sun, 1999; Virk et al., 2000) . However, these comparisons of genetic diversity estimates between RAPDs and allozymes must be taken with extreme caution. Comparisons of the percentage of polymorphic loci are hindered by the fact that in RAPDs primers are usually selected for their ability to produce a high rate of polymorphic bands. Moreover, the comparison of gene diversity estimates with Nei's H index is not appropriate because its range of variation depends on the number of alleles per locus. Since RAPDs can only have two alleles at each locus, its H e value cannot exceed 0.50. However, in allozymes, the number of alleles per locus is not restricted to two and the maximum value of H e can reach up to 1. Only when every allozyme loci had two alleles per locus, would both estimates be comparable.
Implications for conservation-The ability of a population to respond to selection is directly related to the level of genetic variation available for relevant adaptative characters (Huenneke, 1991) . Therefore it is expected that species with a narrow genetic base will not be able to respond as well to changes in abiotic or biotic environmental conditions as species with a broad genetic base. According to our estimates of allelic diversity and average heterozygosity, A. microphyllum maintains a significant level of genetic variation in the studied regions of the genome. However, we must be cautious with the interpretation of data because allozymes and RAPDs are thought to be neutral or nearly neutral genetic markers, and variation at allozyme and RAPD loci does not necessarily correlate with the levels of variation of loci affecting traits of present or future adaptive importance (Lewontin, 1984; Ennos et al., 1997) . Furthermore, a large proportion of the alleles identified (24-30%) occurs at frequencies below 0.05 at Anguix, Bolarque, and Buendía. Therefore, A. microphyllum is especially vulnerable to the loss of allelic richness due to fluctuations in population size (Nei, Maruyama, and Chakraborty, 1975) .
Data on the distribution of genetic variation among populations have direct implications for the management of endangered species, for instance in suggesting what sampling strategy should be adopted to efficiently sample the gene pool for ex situ conservation (e.g., Ceska, Affolter, and Hamrick, 1997; Ferguson et al., 1998) or in deciding which populations should be enhanced and/or preserved (e.g., Kress, Maddox, and Roesel, 1994; Richter, Soltis, and Soltis, 1994; Fischer et al., 2000) . The detection of three private alleles (see Table 1 ) and two unique RAPD bands in some populations suggest that a similar pattern of rare alleles may also exist in loci of adaptive value. Taking this into consideration, as well as the small number of existing populations in A. microphyllum, efforts should be made to protect the four populations and to collect seeds in all them. However, due to the small differentiation among the populations and following criteria suggested by Hamrick et al. (1991) , we estimate that the sampling of two populations of A. microphyllum could provide 99% of the genetic diversity found in the species. Pairwise comparisons between populations show that Anguix and Bolarque populations have the highest genetic diversity when combined (P p ϭ 61.54%, A ϭ
